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bstract
A statistical optimization method was successfully employed to study the effect of system variables on the chromatographic
nalysis of candesartan cilexetil. The effect of simultaneously varying the flow rate, temperature and concentration of acetonitrile
n the mobile phase in water (0.05% O-phosphoric acid (0.05% OPA)) was studied to optimize the method to obtain excellent
hromatographic responses. The optimum conditions were determined with the help of response surface methodology (RSM) using
lackett–Burman designs. From the response surface graphs, the optimum regions were selected to be −1, +1 and +1 for flow rate
0.8 ml/min), temperature (25 ◦C) and concentration of acetonitrile in water (0.05% OPA) (80%, v/v), respectively. Pareto ranking
ndicated that the most important variable affecting the selected responses was temperature. Linearity was found in the range of 10
f 50 g/ml, with a significantly high correlation coefficient (r2 = 0.9989). The limits of detection and quantitation were 0.12 and
.33 g/ml, respectively. The developed method was validated for accuracy, precision, linearity, range, and specificity. The method
as successfully used to analyze a tablet formulation to assess the chromatographic performance, and it was found to be 99.03%,
ith a standard deviation of ±0.04.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Candesartan cilexetil (Fig. 1), chemically 2-ethoxy-3-
[21-(1H-tetrazol-5-yl) biphenyl-4-ylmethyl]-3H-benz-
oimidazole-4-carboxylic acid 1-cyclohexyloxycarbon-
yloxy ethyl ester, is an angiotensin-receptor blocker that
is used alone or in combination with other agents to treatbehalf of Taibah University. This is an open access article under the
hypertension [1]. The drug is registered in the USP [2].
Although HPLC offers several advantages, such as accu-
racy, speed (min), high resolution, sensitivity (ng to fg),
and reproducibility, it suffers from some disadvantages,
160 J.V. Manwar et al. / Journal of Taibah Unive
cepts of the tangent lines to a Gaussian peak, which isFig. 1. Molecular structure of candesartan cilexetil.
such as its high cost, complexity, low sensitivity for
some compounds and requirement of skilled personnel
for its operation [3–9]. Response surface methodology
(RSM) is a statistical method used in the development
and optimization of complex processes [10,11]. RSM is
used after the preliminary screening of experimental fac-
tors that significantly affect the responses using factorial
designs. RSM provides a huge amount of information
and is a comparatively economical approach because a
small number of experiments are performed for mon-
itoring the interaction of the experimental variables
and the chromatographic response. In the conventional
method of optimization, large numbers of experiments
are required to perform the work, which leads to an
increase in the time required and the cost of materi-
als [12–16]. In HPLC analysis, the flow rate of the
mobile phase, temperature and change in composition
of the mobile phase are the most important variables
that significantly affect the mobile phase density, back
pressure, drug solubility and stationary phase molecule
properties that result in changes in the chromatographic
response. These variables are expected to exert an inter-
active effect. In this work, chromatographic figures of
merit, such as the retention time, peak area, theoreti-
cal plates and peak tailing, were varied to determine
the effect of the changes on the operating parameters.
To ensure the significance of the variables, we con-
sidered Pareto analysis. Pareto analysis is a statistical
technique that assists in identifying the most important
variable affecting the studied response [17]. Degradation
studies involve exposing a sample to a variety of stress
conditions to evaluate the specificity of the degradation
products.
A literature search revealed that some HPLC meth-
ods for the analysis of candesartan cilexetil lack either
degradation analysis [18–21] or the use of a systematic
experimental design [1,22]. Thus, the prime objective of
this work was to study the degradation analysis to probe
the chemical behavior of the molecule, and further, to
investigate the influence of system variables, such as the
flow rate of the mobile phase, temperature and changesrsity for Science 11 (2017) 159–172
in the composition of the mobile phase using response
surface based optimization.
2.  Theory
2.1.  Retention  time  (tR)
The time between the sample injection point and the
analyte reaching a detector is called the retention time
(tR). The retention time of the analyte is strongly influ-
enced by the strength or polarity of the mobile phase (i.e.,
the % of organic solvent content). The column tempera-
ture is a strong determinant of the retention time and also
affects the column selectivity. A column oven is there-
fore required for most pharmaceutical assays to improve
the retention time precision, typically at temperatures of
30–50 ◦C. A temperature >60 ◦C is atypical due to con-
cerns about the thermal degradation of the analytes and
the column lifetime [23,24].
2.2.  Peak  area  (pA)
The peak area (area under peak) is proportional to
the concentration or the amount of that particular com-
ponent in the sample. Either attribute can be used to
perform quantitative calculations, but the peak area is
more commonly used because it provides a more accu-
rate quantitative measurement, as it is less susceptible to
flow variations. The standard component’s peak areas are
used for calculating the injection precision (reproducibil-
ity) and system linearity, whereas the retention times
are used to calculate the pump repeatability. Therefore,
in HPLC methods, the relationship between the sample
concentration and detector response (peak area) is used
to make this determination [23,24].
2.3.  Theoretical  plates  (N)
Theoretical plates are a measure of column efficiency
and determine the number of peaks that can be located
per unit run time of the chromatogram. The theoretical
plates are calculated by
N  =  16
( tR
W
)2
where tR is the retention time and W  is the peak width.
This peak width, W, is based on the baseline inter-equivalent to the peak width at 13.4% of the peak height.
Parameters that can affect the theoretical plates include
the flow rate of the mobile phase, column temperature,
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Table 1
Study of dependent variables first factorial design.
Batch Coded variables Natural condition RT (Y1) PA (Y2) TP (Y3) TF (Y4)
FR Temp % ACN FR (X1) Temp (X2) % ACN (X3) Exp. Pred. Exp. Pred. Exp. Pred. Exp. Pred.
S-1 +1 +1 −1 0.8 25 70 8.72 8.07 1589.26 1594.252 8963.10 9299.82 1.12 1.16
S-2 +1 −1 −1 0.8 20 70 8.65 8.48 1577.05 1572.058 9807.51 9470.79 1.15 1.14
S-3 +1 +1 +1 0.8 25 80 7.40 7.72 1748.68 1743.688 11,695.80 11,359.08 1.37 1.26
S-4 −1 −1 −1 0.6 20 70 8.70 8.8 1601.13 1606.123 9899.41 10,236.13 1.24 1.20
S-5 −1 +1 +1 0.6 25 80 8.42 8.04 1585.65 1590.643 10,002.03 10,338.75 1.25 1.32
S-6 −1 −1 +1 0.6 20 80 8.88 8.45 1470.12 1465.127 8563.30 8226.58 1.33 1.30
S-7 −1 +1 −1 0.6 25 70 7.67 8.39 1525.12 1520.127 11,569.10 11,232.38 1.21 1.22
S-8 +1 −1 +1 0.8 20 80 7.62 8.13 1504.99 1509.982 10,077.39 10,414.11 1.15 1.24
Minimum 7.40 7.72 1575.25 1575.25 10,072.21 10,072.21 1.12 1.14
Maximum 8.88 8.8 1748.68 1743.688 11,695.8 11,359.08 1.37 1.32
Mean 8.26 8.26 1470.12 1465.127 8563.30 8226.58 1.23 1.23
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pR, flow rate (ml/min); Temp, temperature (◦C); %ACN, % acetonitr
eak area (AUC); TP, theoretical plates; TF, tailing factor; Exp., expe
eak position, particle size in column, viscosity of
obile phase and molecular weight of analyte [24,25].
.4.  Tailing  factor  (Tf)
Under ideal conditions, the chromatographic peaks
ill have Gaussian peak shapes with perfect symme-
ry. In reality, most peaks are either slightly fronting or
ailing. The tailing factor (Tf) is a measure of the peak
symmetry [24] and is calculated by
f = wx2f
here wx is the width of the peak determined at either
% or 10% from the baseline of the peak height and f is
he distance between the peak maximum and peak front.
.  Materials  and  methods
.1.  Materials  and  instrumentation
Standard drug candesartan cilexetil was kindly sup-
lied as a gift sample by Dr. Reddy’s Laboratories Pvt.,
td., Hyderabad, India and was certified to contain
9.98% (w/w) on a dry basis. HPLC-grade acetoni-
rile was procured from E-Merck Chemicals, India. The
pparatus used was an Agilent 1220 Infinity LC sys-
em coupled with a gradient mixer and degasser. The
emperature of the column could be kept at any desired
oint between 15 and 50 ◦C using an oven. A Rheodyne
njector (manual loading) with a 20 l external loop was
sed. The analyte was chromatographed on a Nucleosil
-18 (4.6 mm I.D ×  250 mm) column, and detection was
erformed with a UV detector.obile phase water (0.05%OPA) (v/v); RT, retention time (min); PA,
l result; Pred., predicted result.
3.2.  Selection  of  system  variables
Experimental variables were selected on a trial and
error basis by considering the physicochemical prop-
erties of candesartan cilexetil, such as its pKa value,
solubility in solvents, and nature (acidic or basic).
As candesartan cilexetil is slightly acidic (near to
7) in nature, the mobile phase water was rendered
slightly acidic by adding 0.05% o-phosphoric acid (OPA,
H3PO4, pKa 2.148) to suppress the ionization of the
acidic drug, resulting in a higher retention. This low
pH also prevents the ionization of the column packing
material silanols [26–28]. A flow rate in the range of
0.6–0.8 ml/min and temperature 20–25 ◦C was used in
combination with acetonitrile as a modifier of the mobile
phase water containing 0.05% o-phosphoric acid (0.05%
OPA). A stock solution of the standard drug was prepared
in methanol to obtain a final concentration of 20 g/ml.
A column equilibration time of 30 min between each run
was maintained.
3.3.  Factorial  design  and  effect  of  variables
A 23 factorial design (Plackett–Burman design) was
used to study the effect of the variables on the chromato-
graphic response. In this design, the levels of factors
are independently varied, each factor at two levels (−1
and +1). A 23 factorial design requires 8 experiments
(Table 1). The response surface for each considered
response was plotted against two different variables
using STATISTICA (Version 8.0.360.0 English, StatSoft
Inc., Tulsa, OK, USA) software. The response surface
for each considered response was approximated by a
h University for Science 11 (2017) 159–172
Fig. 2. Calibration curve for candesartan cilexetil.162 J.V. Manwar et al. / Journal of Taiba
second-order polynomial regression function Eq. (1)
[29,30],
Y  =  β0 +  β1X1 +  β2X2 +  β3X3 +  β12X1X2
+  β13X1X3 +  β23X2X3 (1)
where Y  is the response, β0 is the constant (intercept),
β1 is the coefficient of X1, β2 is the coefficient of X2,
β3 is the coefficient of X3, β12, β13, β23 is the inter-
action coefficients, X1 is the flow rate of mobile phase
(ml/min), X2 is the column temperature (◦C), and X3 is
the % acetonitrile in mobile phase water (0.05% OPA)
(v/v).
As a complement to the above study, a series of Pareto
charts were prepared to express the influence of each
variable on the response. The most important variable
among the three variables will be determined by select-
ing the variables that show the greatest standardized
effect for most of the responses in the Pareto charts.
3.4.  Analysis  and  conﬁrmation  of  optimization
Model
The responses (retention time, peak area, theoreti-
cal plates, tailing factor) were studied by a two-way
ANOVA-based factorial analysis. An RSM calculation
for the present optimization was performed using STA-
TISTICA version 8 (Stat-soft, Inc., USA). The data were
fitted to a second-order polynomial equation (Eq. (1)),
and the adequacy of the fitted response was tested by
ANOVA. The statistical significance was set to p  < 0.05,
and the generated response surfaces and Pareto charts
were studied.
3.5.  Standard  stock  solution  and  calibration  graph
A standard stock solution of candesartan cilexetil was
prepared in methanol (100 g/ml). A calibration graph
was obtained by injecting five concentrations (20 l
loop) of the drug in the range of 10–50 g/ml into the
HPLC system and plotting the peak areas against the
corresponding concentrations.
3.6.  Method  validation
The intra-day and inter-day variations for the deter-
mination of candesartan cilexetil was carried out at three
different concentration levels of 10, 30, and 40 g/ml
using homogeneous authentic tablet samples (16 mg
candesartan cilexetil per tablet; Cantar®, mfd. by Dr.
Reddy’s Laboratories Pvt., Ltd., Hyderabad, India). The
parameters for robustness include the variation of theflow rate of the mobile phase (ml/min), column temper-
ature (◦C) and % acetonitrile in the mobile phase water
(0.05% OPA) of different lots. A signal-to-noise ratio
between 3:1 and 10:1 is generally considered accept-
able for estimating the limit of detection and limit of
quantitation [31]. For the specificity study, the peak area
for candesartan cilexetil in the sample was confirmed by
comparing the retention time (RT) of the sample with
those of a standard [31,32]. For an assay, an equivalent
weight of the tablet content was added into a 100-ml
volumetric flask containing 30 ml methanol, shaken for
20 min and sonicated (Metrex Ultra Sonic) for 30 min.
The final volume was made up to the mark with methanol
(40 g/ml), and the solution was then filtered through
Whatman filter paper (0.45 ). The resulting solution
was analyzed for drug content. The drug content in the
sample solution was calculated from the regression equa-
tion of the standard calibration graph (Fig. 2).
The means of the analysis results were calculated
using the formula
Xm =
∑
X1/N
where
∑
X1 is the sum of all observations and N  is the
number of observations, the standard deviations were
calculated using the formula
S  =
√∑
X2 −  (∑X)2/N
N  −  1where X2 is the sum of each value squared, (X2) is the
square of sum of all values, and (X)2/N  is the correction
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erm, and the % relative standard deviations (%RSD)
ere calculated using the formula
RSD =  100S/X
here S is the standard deviation and X  is the mean.
.7.  Forced  degradation  studies
To determine whether the method and assay are
tability-indicating, pure candesartan cilexetil drug was
tressed under various conditions to conduct forced
egradation studies. A stock solution of drug in methanol
1000 g/ml) was used in the forced degradation to
rovide an indication of the stability-indicating property
nd specificity of the proposed method. In all degrada-
ion studies, the average peak area of the standard drug
nd degraded sample after six replicates were obtained.
.7.1. Oxidation
Approximately 2 ml of 1% hydrogen peroxide was
dded to 2 ml of stock solution of drug, and the solution
as kept at room temperature. After 30 min, the resultant
olution was diluted to obtain a 40 g/ml solution. 20 l
f solution was injected, and the chromatograms were
ecorded.
.7.2. Acid  degradation
Approximately 2 ml of 0.01 N hydrochloric acid was
dded to 2 ml of stock solution of drug, and the solution
as kept at room temperature. After 15 min, the solu-
ion was diluted to 40 g/ml. 20 l of the solution was
njected, and chromatograms were recorded.
.7.3.  Base  degradation
Approximately 2 ml of 0.01 N sodium hydroxide was
dded to 2 ml of stock solution of drug, and the solution
as kept at room temperature. After 15 min, the solution
as diluted to 40 g/ml. 20 l of solution was injected,
nd chromatograms were recorded.
.7.4. Photodegradation
Approximately 10 ml of stock solution of drug
1000 g/ml) was kept directly in sunlight for 360 h on
 wooden plank on a terrace. After this time period, the
olution was diluted to 40 g/ml. 20 l of the solution
as injected, and chromatograms were recorded..7.5. Neutral  degradation
Approximately 100 mg of drug was refluxed in water
or 3 h at 70 ◦C. After this time period, the solution wasrsity for Science 11 (2017) 159–172 163
diluted to 40 g/ml. 20 l of solution was injected, and
chromatograms were recorded.
3.7.6. Dry  heat  (thermal)  degradation
Approximately 100 mg of standard drug was kept
in an oven at 80 ◦C for 6 h. After heating, a solution
with concentration 40 g/ml was prepared using the
heated drug. 20 l of the solution was injected, and chro-
matograms were recorded.
4.  Results  and  discussion
4.1.  Analysis  of  RSM  curves  and  Validation  of
Optimization  Model
All 8 experiments were run at a concentration
40 g/ml. The experimental plans and the respective
responses are reported in Table 1. The experimental
results were analyzed using STATISTICA software (v
8.0.360.0 English, StatSoft, Inc., Tulsa, OK, USA). The
coefficients of the second-order polynomial model were
calculated by least squares regression. For the deter-
mination of the significance and validity of the model,
the regression model for each considered response was
tested by analysis of variance (ANOVA). The response
surface plots were generated using the same software,
and the capability of the fitted model was checked by
ANOVA [33,34]. The equation model for the constants,
the regression coefficients and the statistical parameters
for each response variable, viz., retention time, peak area,
theoretical plates and tailing factor, are given in Table 2.
As shown in Fig. 3(A1–D3), the analysis produces 3D
graphs by plotting the response model against two of
the factors, while the third was kept constant. From the
response graphs, the following conclusions have been
reached:
4.1.1. Effect  of  variables  on  retention  time  (Y1)
Fig. 3(A1–A3) depicts the effect of the system vari-
ables (X1, X2 and X3) on the retention time (Y1). As can
be clearly seen in Eq. (2), all of the studied variables had
statistical significance (p  = 0.008287):
Y1 (Retention time,  min)
= 8.2575 −  0.1600X1 − 0.2050X2 −  0.1775X3
+ 0.1675X1X2 −  0.4100X1X3 + 0.0350X2X3
(2)
This indicates that the retention time decreases with
an increase in all operating variables, i.e., flow rate
(X1), temperature (X2) and concentration of ACN (X3).
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Table 2
Effect estimates from the first factorial design (n = 8).
B coefficient Std. err. t-Value p-Value
Retention time Mean/Interact.* 8.2575 0.1075 76.8139 0.0082
(r2 = 0.9624
Adj. r2 = 0.7374
MS Res. = 0.0924)
X1 a −0.1600 0.2150 −1.4883 0.3766
X2 b −0.2050 0.2150 −1.9069 0.3074
X3 c −0.1775 0.2150 −1.6511 0.3466
X1X2 0.1675 0.2150 1.5581 0.3632
X1X3 −0.4100 0.2150 −3.8139 0.1632
X2X3 0.0350 0.2150 0.3255 0.7996
Peak area Mean/Interact. 1575.2500 4.9925 315.5233 0.0020
(r2 = 0.9960
Adj. r2 = 0.9718
MS Res. = 199.40)
X1 29.7450 9.9850 5.9579 0.1058
X2 36.9280 9.9850 7.3966 0.0855
X3 2.1100 9.9850 0.4226 0.7454
X1X2 27.0480 9.9850 5.4176 0.1162
X1X3 19.7300 9.9850 3.9519 0.1577
X2X3 52.8770 9.9850 10.5914 0.0599
Theoretical plates Mean/Interact. 10,072.21 336.7225 29.9124 0.0212
(r2 = 0.8931
Adj. r2 = 0.252
MS Res. = 907,056)
X1 63.74 673.4450 0.1893 0.8808
X2 485.30 673.4450 1.4412 0.3861
X3 12.42 673.4450 0.0369 0.9765
X1X2 −291.800 673.4450 −0.8666 0.5454
X1X3 738.220 673.4450 2.1923 0.2724
X2X3 278.985 673.4450 0.8285 0.5595
Tailing factor Mean/Interact. 1.2275 0.0375 32.7333 0.0194
(r2 = 0.7967
Adj. r2 = 0
MS Res. = 0.0112)
X1 −0.0300 0.0750 −0.8000 0.5704
X2 0.0100 0.0750 0.2666 0.8340
X3 0.0475 0.0750 1.2666 0.4254
X1X2 0.0375 0.0750 1.0000 0.5000
X1X3 0.0150 0.0750 0.4000 0.7577
X2X3 0.0250 0.0750 0.6666 0.6256
* p < 0.05 (significant for a 95% confidence level).
a Flow rate (ml/min).
b Temperature (◦C).
c % Acetonitrile in mobile phase water (0.05%OPA) (v/v).
However, the significant positive regression coefficient
for X1X2 indicates a strong increase in the retention
time with the simultaneous increase in the flow rate and
temperature. We can increase the flow rate to make the
retention time shorter, but it may cause a loss of peak res-
olution, and the backpressures may be outside the limits
of the system. By increasing the temperature, we can
also speed up the separation and reduce the viscosity
of the mobile phase, thereby reducing the backpressure.
With an increase in the mobile phase modifier concen-
tration, i.e., acetonitrile, the retention time decreases
and all other responses increase. This might be due to
the increased polarity of the mobile phase, resulting in
an establishment of a faster equilibrium of the analyte
between the stationary phase and the mobile phase [23].4.1.2. Effect  of  variables  on  peak  area  (Y2)
Fig. 3(B1–B3) depicts the effect of the system vari-
ables (X1, X2 and X3) on the peak area (Y2). By varyingthe system variables, the following regression equation
was obtained to predict the peak area:
Y2 (Peak area) =  1575.250 +  29.745X1 +  36.928X2
+  2.110X3 +  27.047X1X2
+  19.730X1X3 +  52.877X2X3 (3)
As shown in Eq. (3), all of the studied variables had
statistical significance (p  = 0.002018). As indicated by
the significant regression coefficients of X2, an increase
in temperature brings about an increase in peak area. This
could be attributed to the lowering of the solvent density,
imparting enhanced drug solubility in the mobile phase.
Furthermore, as indicated by the high positive regression
coefficient for X2X3 in Eq. (3), a simultaneous increase
in temperature and % acetonitrile in the mobile phase
also increases the peak area.
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Fig. 3. 3D surface plots of the response surface showing variation of the response retention time (A1–A3), peak area (B1–B3), theoretical plates
(C1–C3) and tailing factor (D1–D3) as a function of flow rate (ml/min), temperature (◦C) and %ACN (%acetonitrile in water (0.05% OPA), v/v).
166 J.V. Manwar et al. / Journal of Taibah University for Science 11 (2017) 159–172
Fig. 3. (Continued )
h Unive
4
a
v
e
Y
r
i
s
t
t
e
r
a
l
M
c
i
w
4
a
v
e
Y
t
(
i
A
c
f
t
p
n
b
i
aJ.V. Manwar et al. / Journal of Taiba
.1.3.  Effect  of  variables  on  theoretical  plates  (Y3)
Fig. 3(C1–C3) depicts the effect of the system vari-
bles (X1, X2 and X3) on the theoretical plates (Y2). By
arying the system variables, the following regression
quation was obtained to predict the theoretical plates:
3 (Theo. plates) =  10072.21 +  63.74X1 +  485.30X2
+  12.42X3 −  291.80X1X2
+  738.22X1X3 +  278.98X2X3
(4)
As shown in Eq. (4), the theoretical plates analysis
evealed a positive relationship with all three exper-
mental variables that was found to have statistical
ignificance (p  = 0.021275). However, as evidenced by
he high positive regression coefficients for X1 and X2,
he flow rate and temperature are the major factors influ-
ncing the theoretical plates. Here, it is necessary to
ealize that an increase in temperature could result in
 decrease in the viscosity of the solvent, which could
ead to an increased number of theoretical plates [16].
oreover, as indicated by the high positive regression
oefficient for X1X3 in Eq. (4), a simultaneous increase
n the flow rate and the % acetonitrile in the mobile phase
ould bring about an increase in the theoretical plates.
.1.4. Effect  of  variables  on  tailing  factor  (Y4)
Fig. 3(D1–D3) depicts the effect of the system vari-
bles (X1, X2 and X3) on the tailing factor (Y4). By
arying the system variables, the following regression
quation was obtained to predict the tailing factor:
4 (Tailing factor) =  1.2275 −  0.0300X1 +  0.0100X2
+  0.0475X3 +  0.0375X1X2
+  0.0150X1X3 +  0.0250X2X3
(5)
Eq. (5) depicts the effect of the variables on
he tailing factor and indicates statistical significance
p = 0.019443). It was found that the tailing factor
ncreases with an increase in temperature (X2) and %
CN in the mobile phase (X3). In contrast, as indi-
ated by the significant negative regression coefficient
or X1, the tailing factor decreases with an increase in
he flow rate. With an increase in the flow rate, the
ressure is increased, and the peak takes on a more
on-Gaussian shape due to restricted dipole interactions
etween the drug molecule and stationary phase, result-
ng in a decrease in the tailing factor [16]. Statistical data
nd results are given in Table 2.rsity for Science 11 (2017) 159–172 167
From the above study, it is clear that the selected
factors X1 (flow rate), X2 (temperature), and X3 (%
acetonitrile in mobile phase) are important for the
regression model, and their interactive effect has been
observed on the chromatographic responses. From the
above response surface plots, the optimum regions
were selected to be −1, +1 and +1 for the flow rate
(0.8 ml/min), temperature (25 ◦C) and % acetonitrile in
water (0.05% o-phosphoric acid) (80%, v/v), respec-
tively. This set of conditions was further utilized for the
construction of calibration curves and validation studies.
The results of the ANOVA study were complemented by
Pareto analysis. Pareto ranking analysis showed that the
most significant variable was the temperature in influ-
encing the studied response (Fig. 4).
4.2.  Calibration  curves
The linearity was studied by analysing the
standard working solutions containing 10–50 g/ml
(r2 = 0.9989 ±  0.75, slope = 44.41 ±  0.87) of standard in
triplicate (Fig. 2). The standard deviation of the slope
value was less than 2 (Table 3).
4.3.  Validation  of  method
4.3.1.  Precision  of  method
The means of the intra-day and inter-day precisions
were found to be 0.91 and 1.02, respectively. The results
indicate that the selected factors were unaffected by
small variations I the parameters (Table 4).
4.3.2. Limit  of  detection  (LOD)  and  limit  of
quantitation  (LOQ)
The LOD and LOQ were confirmed by diluting
known concentrations of drug until the average responses
were approximately 3 or 10 times the standard deviation
of the responses of the blank for six replicate determina-
tions. The signal/noise ratios 3:1 and 10:1 were taken as
the LOD and LOQ, respectively. The LOD and LOQ
values were found to be 0.12 g/ml and 0.33 g/ml,
respectively.
4.3.3. Purity  of  peak
The peak purity of candesartan cilexetil was assessed
by comparing the spectra at the peak start, peak apex and
peak end positions. Good correlation (r  = 0.9996) was
also obtained between the standard and sample spectra.
The average retention time for candesartan cilexetil was
found to be 7.41 (SD ±  0.020) for six replicates (Fig. 5).
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Fig. 4. Pareto chart of standardized effect estimates for chromatographic responses.
Table 3
Linear regression data for calibration curve (n = 6).
Parameter Results
Linearity range 10–50 g/ml
r2 ± %RSD 0.9989 ± 0.75
Slope ± %RSD 44.41 ± 0.87
LOD 0.12 g/ml
LOQ 0.33 g/ml
Table 4
Intra- and inter-day precision (n = 6).
Conc. in g/ml Assay of drug as % labeled content
Inter-day %R.S.D Intra-day %RSD
1 99.93 1.64 98.93 2.09
3 98.00 0.50 98.00 0.48
4 100.18 0.58 100.18 0.49
Forced degradation studies were performed by treat-4.4.  Analysis  of  the  marketed  formulation  and
recovery study
A peak at tR 7.41 min for candesartan cilexetil was
observed in the chromatogram of the drug samples
extracted from tablets. The percent drug content was
found to be 99.03 (%RSD ±  0.04). The average recoveryMean 99.37 0.91 99.04 1.02
from the marketed tablet formulation was found to be
99.89% with %RSD ±  1.03 (Table 5).
4.5.  Forced  degradation  studiesing the sample under the following stress conditions
(Table 6, Figs. 6 and 7).
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Fig. 5. Chromatogram of standard drug (40 g/ml); (tR: 7.4167) measured at 245 nm, mobile phase; acetonitrile: water (0.05% OPA), 80:20 (v/v).
Table 5
Results of assay of tablet formulation and recovery study (n = 6).
Assay of tablet Recovery study
Label claim (mg/tablet) %Drug estimated %RSD %Level %Recovery %RSD
16 99.03 0.04 80 100.90 0.83
– – – 120 98.89 1.24
Mean 99.89 1.03
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T.5.1.  Oxidation
In the oxidation study, it was found that candesartan
ilexetil is highly susceptible to degradation. Candesar-
an cilexetil showed four additional degradation peaks at
R values of 3.23, 3.48, 3.65, and 5.01. Under oxidation,
pproximately 82.71% of the drug degraded..5.2.  Acid  degradation
Candesartan cilexetil was found to undergo
cid degradation very rapidly. Reaction in 0.01 N
able 6
esults of forced degradation studies (n = 6).
egradation condition Number of degradation products (tR values)
xidation 4 (3.23, 3.48, 3.65, 5.01) 
cid 3 (3.01, 3.83, 5.23) 
ase 3 (3.10, 3.56, 4.26) 
hoto 2 (3.88, 4.30) 
eutral 0 
hermal 5 (3.23, 3.96,4.28, 4.81, 10.50) hydrochloric acid for 15 min resulted in the extensive
degradation of the drug, with three additional peaks at
tR values of 3.01, 3.83, and 5.23. Under this condition,
approximately 79.52% of the drug was degraded.4.5.3. Base  degradation
In the base-induced degradation study, candesartan
cilexetil was found to undergo degradation very rapidly.
The drug showed three additional peaks at tR values of
 %Area of degradation product %Drug degraded
22.32, 12.77, 24.80, 22.81 82.71
34.76, 0.82, 43.93 79.52
12.96, 47.59, 8.78 69.33
2.07, 8.44 10.51
0 0
0.53, 2.91, 6.88, 2.05, 0.31 12.69
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Fig. 6. Chromatograms of candesartan cile
Fig. 7. Bar chart indicating of degradation of drug under various stress
conditions.xetil and its degradation products.
3.10, 3.56, and 4.26. Here, approximately 69.33% of the
drug was degraded.
4.5.4. Photodegradation
Under this condition, only 10.51% drug degradation
was observed. The drug showed two additional peaks at
tR values of 3.88 and 4.30.
4.5.5.  Neutral  degradation
Under neutral degradation conditions, no degradation
of the drug was observed.4.5.6.  Dry  heat  (thermal)  degradation
Under this condition, only 12.69% of the drug was
degraded. The drug showed five additional peaks at tR
values of 3.23, 3.96, 4.28, 4.81, and 10.50.
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.  Conclusions
This work clearly reveals the usefulness of response
urface methodology for the optimization of system vari-
bles in developing a HPLC method for the analysis
f candesartan cilexetil in tablet formulation. Based on
SM, the optimum regions were selected to be 1, +1 and
1 for the flow rate (0.8 ml/min), temperature (25 ◦C)
nd concentration of acetonitrile in the mobile phase
ater (0.05% OPA) (80%, v/v), respectively. Thus, this
tudy demonstrates that the operating conditions of the
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